Abstract
nine cases. Often, a diagnosis of simultaneous SIDS in twins is made by exclusion, even though there may be no scientific basis to support it. Bass (3) , after searching for hazards in the homes of 13 pairs of healthy twins who died together of no apparent cause, concluded that simultaneous twin SIDS is a misleading diagnostic classification that should be eliminated.
SIDS now seems to be the remote consequence of a subtle, physiological birth defect, or a phenomenon that evolved during intrauterine life, rather than a single catastrophic event (4) . This observation, in conjunction with the narrow age distribution of SIDS cases, suggests that abnormalities in a critical stage of development predisposes high-risk infants to the effects of an unknown environmental factor. In this context, the plausability of simultaneous SIDS in twins from natural causes is difficult to maintain. Spiers (5) speculated that this event could be due to some transient common experience occurring shortly before death. Therefore, the phenomenon could be explained more reasonably on the basis of exposure to unknown environmental hazards (3) . Beal (2) also agrees with this hypothesis and suggests that the frequency of its occurence in fraternal twins indicates that an environmental factor is likely to be more important than a genetic one.
CASE REPORT^
Identical male twin infants, 45 days old, were left by their mother lying in the crib they shared together in the parents' bedroom upstairs. The crib was located between the parents' bed and a window. On the evening before death, the infants had been asymptomatic and were left sleeping in a prone position by their mother at 3:00 am (an unusual bedtime due to it being the weekend and there being relatives visiting). Immediately, the parents went to bed. Formula was given every 4 h during the day, the last feeding being 12:30 am. One hour before the mother put them in the crib, they were given camomile tea. They were clad in pajama tops and disposable diapers, and covered with a sheet, two woolen blankets (one of them doubly folded), and an eiderdown quilt.
The twins were found face straight down and lifeless by their father at 10:30 am. According to the father, the same above-mentioned bedding was covering their heads. They were cold, stiff, and unresponsive, with frothy white material oozing from their nostrils. The infants had been unattended for over 7 h; nobody checked, touched, or moved them after 3 am and before 10:30 am.
At noon, the forensic pathologists conducted their own death scene investigation (forensic and environmental), and interviewed parents without police detectives standing close by. A postmortem interval of 7-8 h was initially estimated. The pattern of lividity observed corresponded to a face straight down position in both twins. Rectal temperature of the infants was not recorded. The parents stated that the children had appeared entirely normal the previous day. The deaths were also investigated by detectives of the Police Department, who ended their report stating that there was no foul play suspected. Any specific source of CO was operating properly, and any overt physical evidence linking CO to the incident failed to be demonstrated, with the exception of a fireplace in the livingroom downstairs. Although the weather was cold (the fatal incident occurred in December, and outdoor temperature was 14°C ), the apartment was heated by the fireplace, which was lit from about 6 pm until 2 am. The doors and windows of the small rooms were closed to conserve heat.
The 38-year-old father and the 39-year-old mother had two other children, aged 13 and 8, who appeared to be well cared for. The twins were the third and fourth children of healthy unrelated parents. Their mother's pregnancy was normal, as was their delivery. The birth weight of the smaller twin was 2,850 g, and the larger twin weighed 2,950 g. Both twins were born by vaginal delivery, developed normally, and had no serious illness. They had been seen at 30 days of age for a routine examination.
Autopsies were conducted on both infants. Table 1 shows the organ weights of both twins, which are consistent with their age. Twin 1 weighed 4,000 g and appeared to be well developed and nourished. The findings of the external examination were almost completely normal, except for a moderate pale frothy fluid exuding from the left nostril and mouth, rigor mortis noted in the extremities, and fixed lividity on the front of the face and body, consistent with the face-down position. A noteworthy feature was that the lividity spared the forehead, nostrils, and mouth, areas that appeared pale because of pressure of the head face down against the mattress. No trauma or signs of violence were observed.
TABLE 1. Weight of organs (g) from both twins
Internal examination revealed prominent white frothy exudate in the tracheobronchial trees and normal patterns of visceral development. The heart was free of congenital abnormalities. The ductus arteriosus was completely fibrosed. A severe degree of pulmonary edema was noted bilaterally, and there were scattered petechial hemorrhages beneath the visceral pleura. The stomach was empty, but the duodenum contained scarce yellowish, partly digested material. The liver and spleen appeared congested. The rest of the organs were unremarkable.
Toxicologic test results of blood and residual bottle milk, including analysis for organic compounds, salicylates, and volatiles, were negative except for carbon monoxide, with a carboxyhemoglobin level of 10.3%, using the spectrophotometric method of Sieck and Rieders (6) . Microscopic examination revealed intense congestion of the pulmonary vasculature and prominent high-protein aqueous fluid filling most of the alveoli, showing pulmonary edema. The kidneys showed small foci of red blood cell extravasation in both medular and cortical regions. A section of brain revealed passive congestion and perineuronal pale halos, consistent with extracellular edema. Liver, spleen, pancreas, thymus, heart, and suprarrenal glands were unremarkable.
Twin 2 weighed 4,030 g and showed the same autopsy findings in external and internal examinations, with the exception of an absence of petechial hemorrhage in the pleural surface and the presence of residue of yellowish curdled material resembling partly digested formula in the stomach and distal portion of the esophagus. Microscopic examination of the lungs revealed areas of intraalveolar edema. The hepatic sinusoids were dilated and filled with red blood cells. The brain showed congestion, edema, and perivascular hemorrhage foci. The kidneys showed small foci of perivascular hemorrhage in the cortical region. The suprarrenal glands were congested. The remaining microscopic examination findings were essentially normal. The toxicological analysis of the blood and the residue of bottled milk were also negative for organic compounds, salicylates, and volatiles, except for carbon monoxide, with a carboxyhemoglobin level of 8.0%.
An immunotoxicological analysis of the blood from both twins was also performed. This assay consisted in developing an immunoelectrophoresis of the blood against the residue of the bottled milk. The negative result allowed an anaphyllactic reaction to be ruled out.
From the search for environmental factors and based on the circumstances of death, it was believed that the combined lethal effects of low levels of carbon monoxide, overwrapping, and mechanical obstruction of upper airways were the only clues to support the diagnosis of the cause of death, with the manner being accidental.
DISCUSSION^
This article examines the potential contribution of specific environmental risk factors to the sudden and unexpected death in 45-day-old identical twin boys. Because this phenomenon is such an unusual event, a follow-up death scene investigation was conducted several days later in an attempt to uncover additional information.
Carbon monoxide poisoning presents two risks to infants (7) . The nonspecific symptoms make it difficult to diagnose, and the special characteristics of fetal hemoglobin may lead to greater tissue hypoxia than in older children or adults. The fetal hemoglobin dissociation curve lies to the left of the adult curve, resulting in greater tissue hypoxia at similar carboxyhemoglobin levels. The pregnant woman, her fetus, and the newborn infant have been identified as subjects particularly vulnerable to the effects of low concentrations of carbon monoxide (8) . Neonates are more susceptible since fetal hemoglobin constitutes 65-85% of the hemoglobin present in an infant at birth, falling to 20% at 3 months of age (9, 10) . Therefore, young children as well as active individuals are at an exceedingly high risk due to higher sensitivity to similar levels of carbon monoxide, since they are considered to have a low threshold of toxicity (11) .
Cleary (12) investigated carboxyhemoglobin levels of >0.5%, the body's endogenous level, concerning chronic rather than acute intoxication. He suggests that all nonelectric heating appliances produce carbon monoxide and 90% of SIDS deaths occurred when the efficiency of domestic ventilation was at its lowest. Nevertheless, Emery (13) considers that a role for chronic carbon monoxide poisoning is difficult to determine in the pathogenesis of SIDS. Sturner (14) investigated carboxyhemoglobin levels of >5.0%, indicating acute intoxication, and found some increase in three cases out of 87 SIDS, and one further value led to a diagnosis of CO poisoning.
Stanton (15) considered that an unusually warm environment and excessively clothed victims may lead to inadequate thermoregulatory mechanisms, resulting in hyperthermia and subsequent febrile apnea. This hypothesis may be connected with the low degree of maturity of the autonomic nervous system in children in their first year of life. They could be particularly susceptible in terms of thermoregulation in this period because the mechanisms for heat loss and regulation seem to mature only later (16). Bass (17) investigated four cases of simultaneous twin deaths and concluded that an overheated environment was always present. More recently (3) , he called for a search of environmental hazards to determine possible mechanisms of sudden death. On the other hand, the head, and particularly the face, becomes the main route for heat loss when thick clothing and bedding are used. This thermoregulatory role could be compromised by the prone sleeping position (18) .
In the present case of young infants with low levels of carboxyhemoglobin, the pathophysiologic mechanism of death presumably resulted from the combined effects of some noxious stimulus such as carbon monoxide, the excessive wrapping and bed coverings, and a straight face down position of the head. These factors all could have produced an additive or synergistic effect leading to death. A hypoxic state could have developed due to the prone position ensuring relative inefficiency of the twin's air passages, thus producing an inability to breath. This suggests that obstruction (mechanical suffocation) might have occurred quickly or easily. Hypoxia occurs when the oxygen tension falls below a critical level and tissue blood flow fails to increase commensurately. The hyperthermia secondary to heavy wrapping made the hypoxic condition worse as it challenged the respiratory center, and finally, as discussed previously, the carboxyhemoglobin level also concerned the organs with the greatest oxygen demand and highest metabolic rates (brain and heart), accounting for the major abnormalities that led to death. However, the evidence for an effect is inconclusive, and the "interaction" between those environmental factors requires further studies.
Taking into account that the twins were fed simultaneously and the autopsy finding of a different progression of partly digested formula within the gastrointestinal tract, we can speculate on a delay of at least 1 h between the two deaths, which were therefore not so simultaneous. Also, this finding allows suspicion of child abuse to be ruled out, as violence against the twin pair would likely have occurred simultaneously, not at different times.
The search for a lethal association of environmental factors, although often difficult, should be included in the routine procedures of medical examiners when faced with a simultaneous and sudden natural death of a pair of twins (3) . The real cause of death may be overlooked unless the scene is properly examined and autopsy findings, ancilliary tests, and past medical history are reviewed together (19) (20) (21) .
The current concept of SIDS is that several factors combine to bring about crib deaths. On the other hand, there is scientific evidence to support defined subsets of SIDS cases (21) . Some subsets may be misdiagnosed as SIDS due to lack of careful death scene investigation, which in turn could provide an alternative to a classical diagnosis of SIDS (22) .
